Objectives: To explore the epidemiological and clinical factors predictive of the case fatality rate (CFR) of Middle East respiratory syndrome-coronavirus (MERS-CoV) infection in an outbreak in Daejeon, the Republic of Korea. Methods: We reviewed the outbreak investigation reports and medical records of 1 index case and 25 additional MERS cases in hospitals A (14 cases) and B (11 cases), and conducted an in-depth interview with the index case. Results: The CFR in hospital B was higher than that in hospital A (63.6% vs. 28.6%, respectively). Higher MERS-CoV exposure conditions were also found in hospital B, including aggravated pneumonia in the index case and nebulizer use in a six-bed admission room. The host factors associated with high CFR were pre-existing pneumonia, smoking history, an incubation period of less than 5 days, leukocytosis, abnormal renal function at diagnosis, and respiratory symptoms such as sputum and dyspnea. Conclusions: The conditions surrounding MERS-CoV exposure and the underlying poor pulmonary function due to a smoking history or pre-existing pneumonia may explain the high CFR in hospital B. The clinical features described above may enable prediction of the prognosis of MERS cases.
Introduction
The Middle East respiratory syndrome-coronavirus (MERS-CoV) outbreak in the Republic of Korea (Korea) was a global issue in 2015. Through hospital-to-hospital transmission in 17 hospitals, a total of 186 patients were infected by MERS-CoV, 1,2 of whom 38 died. The 20.4% total case fatality rate (CFR) in the Korean MERS outbreak was lower than that in the Arabian Peninsula. 3 However, the CFR differed among clusters in Korea. For example, the CFR of St. Mary's hospital in Pyeongtaek (Hospital P) was 16.7%, 4 whereas that of the Daejeon cluster was 44.0%. From May 2015 to June 2015, Daejeon, a metropolitan city in Korea, experienced an outbreak of MERS based around two hospitals, hospital A and hospital B, and recorded a higher CFR than the overall CFR in Korea.
Information on the risk factors for MERS mortality is limited, 3 particularly outside of the Middle East. Previous reports on MERS mortality in the Arabian Peninsula focused on host factors, including demographic, pre-existing medical conditions, and laboratory results. 3 Herein, we explored the viral exposure conditions and host factors associated with the CFR of MERS to explain the higher rates in the Daejeon cluster.
Methods

MERS case definition
A MERS case was defined as an individual diagnosed with MERS by a real-time reverse-transcription polymerase chain reaction (rRT-PCR) assay of nucleic acid extracted from sputum specimens. The rRT-PCR targets were the upstream envelope (upE) and the open reading frame 1a (ORF 1a) genes. Cycle threshold (C t ) values were used to indicate virus load. 5 When sputum sampling was not possible, a nasopharyngeal or oropharyngeal swab sample was obtained. For each confirmed case, a case number was assigned by the Korea Centers for Disease Control and Prevention (KCDC) in the order in which cases were confirmed during the outbreak. For example, the index case in Daejeon was case #16. Among the 25 incident cases in Daejeon, 14 were infected in hospital A, and 11 in hospital B.
Data collection
We reviewed the outbreak investigation reports for one index case (case #16) and 25 incident cases of MERS in Daejeon. The investigation report provided by KCDC was based on interviews with hospital staff and patients during the outbreak, and included case-specific information such as demographic factors, current underlying diseases, history of MERS-CoV exposure, onset date and presenting symptoms of MERS, and contact history as a MERS infector. Closed-circuit television (CCTV) data were used to supplement the contact history of each MERS case.
The medical records of cases were reviewed to generate or supplement the symptom, smoking history, underlying disease, laboratory finding, and clinical outcome variables. The included underlying diseases were diabetes mellitus, chronic heart diseases (ischemic heart disease, congestive heart failure, valvular heart disease, and arrhythmias requiring monitoring), stroke (cerebral infarct and hemorrhage), chronic lung diseases (asthma, chronic obstructive pulmonary disease (COPD), and idiopathic pulmonary fibrosis (IPF)), malignancy, immunocompromising conditions (Cushing's syndrome, human immunodeficiency virus (HIV), and immunosuppressive chemotherapy), and pre-existing pneumonia. Pre-existing pneumonia was defined as underlying pneumonia within 2 weeks before the onset of MERS.
We conducted an in-depth interview with the index case (case #16) to estimate his level of contact with the cases in each hospital. A medical radiologist evaluated the radiologic evidence of pneumonia in the index case. A specialist in architectural engineering inspected the ventilation systems on the wards where the index case stayed.
Data description and statistical analysis
Based on the collected data, we identified the infector for each case. Both the KCDC investigation team and the Daejeon in-depth investigation team reviewed potential exposures independently. In cases of disagreement between the two teams regarding infectedinfector pairs, the most probable infector and exposure period were determined by consensus. One expert, who participated in a previous MERS investigation team, 4 reviewed these decisions. The process was repeated until a final consensus was obtained.
The incubation period was defined as the interval from exposure to the onset of MERS-associated symptoms, including nonspecific clinical symptoms such as fever, chills, cough, sore throat, sputum production, dyspnea, myalgia, headache, nausea, vomiting, diarrhea, and/or abdominal discomfort. If the exposure period was longer than 2 days, the midpoint of the period was used as the date of exposure. The incubation period was converted to a binomial scale (less than 5 days vs. 5 days or more), and the cut-off point (5 days) was determined using a receiver operating characteristic (ROC) curve.
The CFR was defined as the percentage of fatal cases among the total number of MERS cases. To identify risk factors for MERS mortality among the epidemiological and clinical factors, we compared the CFRs between the two groups defined by binomial independent factors. Using the MedCalc Statistical Software version 16.2.1 (MedCalc Software BVBA, Ostend, Belgium; https://www.medcalc.org; 2016), the relative risk (RR) of each factor for CFR and the corresponding 95% confidence intervals (CIs) were calculated. All statistical tests were two-tailed; a value of p < 0.05 was considered to indicate statistical significance.
Results
Index and associated cases in Daejeon
The index case (case #16) was identical in hospital A and hospital B. A 41-year-old ex-smoker, he was exposed to patient zero (case #1) in Pyeongtaek St. Mary's Hospital from May 15 to May 17. After discharge, due to his experiencing symptoms such as a febrile sense, chilling, cough, general weakness, and diarrhea, the patient was admitted to hospital A during 22-28 May 2015. Since his illness worsened, including development of a severe productive cough, the patient wanted a discharge from hospital A to visit the emergency room (ER) of hospital B via his own transportation on May 28. Chest radiographs showed the progression of pneumonia from May 22 to 28. The chest image in hospital B on May 28 showed aggravation of pneumonia compared with those obtained in hospital A. On the second day of admission in hospital B, he received lidocaine inhalation in his admission room using a jet nebulizer and then underwent a bronchoscopy in a separate examination room. Medical staff in the bronchoscopy room wore surgical masks, gloves, and vinyl gowns. He received treatment under the impression of viral pneumonia before being suspected to have MERS and being isolated on May 30. Cycle threshold (C t ) values were 22.2 for upE and 23.2 for ORF 1a from his sputum on May 31.
Among the 25 incident cases in Daejeon, 15 patients (60.0%) were !65 years of age, and 13 (52.0%) were males (Table 1) . Fourteen (56.0%) cases were inpatients, 9 (36.0%) were commercial or family caregivers, and 2 (8.0%) were hospital employees (a nurse and engineer; Figure 1 ). There was no infected case among the healthcare workers involved in the bronchoscopy procedure. The median (IQR) incubation period was 8 days (IQR, 6.5-10.5 days) in hospital A and 4 days (IQR, 3-8 days) in hospital B. The cases whose infector was the index case had a higher CFR (52.4%) than other cases (0%). The cases who stayed in the same room as the index case had a higher CFR (58.3%; 50.0% in hospital A and 62.5% in hospital B) than other cases (30.8%), albeit not significantly so (Table 1) ( Figure 1 ).
Environmental conditions in hospitals A and B
The CFR in hospital B was higher than that of hospital A (63.6% vs. 28.6%, respectively) ( Table 1 ). The differences between the two hospitals are described below.
First, the ward (ward 51) of hospital A in which the outbreak occurred was for patients who required chronic or long-term care and patients undergoing rehabilitation therapy. In contrast, hospital B was an acute-care university hospital. Moreover, the ward (ward 101) of hospital B in which the outbreak occurred was focused on pulmonary diseases.
Second, the ventilation systems of the two hospitals were different. Hospital A had a central ventilation system that circulated air through all wards, including the room occupied by the index case, via a duct system. The system underwent at least 6 air changes per hour (ACH) in the inpatient rooms of ward 51. In contrast, hospital B had no mechanical ventilation system in inpatient rooms; the central ventilation system of hospital B circulated air in the corridor and common room of ward 101, but it was not connected to the inpatient rooms. The bronchoscopy room in hospital B had two local ventilation machines to emit the room air through the ducts to the outside of the window: one delivered 5.67 ACH, and the other delivered 7.05 ACH.
Third, the density of inpatients in the room occupied by the index case was different between the two hospitals. The index case room in hospital A had four beds in an area of 35.3 m 2 (or 8.8 m 2 per bed), with a distance of $1.5 m between adjacent beds. However, the room occupied by the index case in hospital B had six beds in an area of 34.2 m 2 (5.7 m 2 per bed), with a distance of $0.6 m between adjacent beds.
Case fatality rates by host factors
CFR was compared according to sex, age, role in the hospital, comorbidities, pre-existing pneumonia, smoking history, symptoms and laboratory results.
First, the male MERS cases had a higher CFR than the female cases did (RR 4.15 [95% CI 1.11-15.49], p = 0.034), and inpatients who had been infected with MERS during hospitalization had a higher CFR than the MERS cases who were hospital workers, such as caregivers, nurses, and engineers, although the significance was marginal (RR 3.54 [95% CI 0.95-13.14], p = 0.059) ( Table 1) .
Second, smoking history (current or ex-smoker) was associated with the CFR (RR 2.55 [95% CI 1.10-5.90], p = 0.029). Pre-existing pneumonia was also significantly associated with the CFR (RR 3.0 [95% CI 1.64-5.49], p < 0.001) ( Table 1) .
Third, cases with incubation periods < 5 days had higher CFRs (RR 3.03 [95% CI 1.04-8.86], p = 0.043). Patients with a peak body temperatures >37.5 C also had elevated CFRs, although this finding was not statistically significant (RR 6.57 [95% CI 0.45-96.05], p = 0.169). Cases with dyspnea or sputum had a higher CFR than those without either (RR 2.29 [95% CI 1.09-4.79], p = 0.029; RR 3.33 [95% CI 1.71-6.51], p < 0.001, respectively) ( Table 2) .
Fourth, in terms of laboratory examinations, when leukocytosis was defined as a WBC level >10,000/mm 3 , four patients had leukocytosis and all died (RR 2.67 [95% CI 1.42-5.02], p = 0.002). However, lymphopenia (lymphocyte < 1,000/mm 3 ) was not associated with increased CFR. Elevated blood urea nitrogen (BUN) and creatinine (Cr) levels were also associated with increased CFR (RR 2.25 [95% CI 1.34-3.77], p = 0.002; RR 2.11
[95% CI 1.31-3.39], p = 0.002, respectively) ( Table 3 ). Cases with abnormal renal function had no history of chronic kidney disease. No difference in CFR was observed between higher (C t 26) and lower virus load groups (Supplementary Table 1 ).
Discussion
Korea was first affected by MERS-CoV in 2015. Therefore, the Korean population had no immunity against MERS-CoV. Fortunately, the CFR of the outbreak in Korea was lower than the total CFR globally (20.4% vs. 35.4%). 1, 6 However, the CFR of hospital B was the highest in Korea and was similar to that of a nosocomial outbreak in Al hasa, Saudi Arabia, in 2013. 7 The CFR of hospital A was about half that of hospital B, although the index case was the same. This suggests that the CFR can vary markedly by the outbreak hospital.
The MERS outbreak in Daejeon was nosocomial, which may suggest that hospital factors may have played a role in the highlevel fatality rate in hospital B. Hospital factors such as a high prevalence of comorbid conditions among inpatients and the specific hospital environment may increase the CFR. 8 The underlying diseases among inpatients influenced CFR, as the CFR was higher in the acute care pulmonary ward in hospital B compared to the chronic care patients in hospital A. Additionally, certain aspects of the hospital environment may affect the CFR. Compared to hospital A, the higher density of inpatients and lower air ventilation in the room occupied by the index case in hospital B could have increased exposure to MERS-CoV, which may also explain in part the higher CFR in hospital B.
The index case may be another important factor to consider since the patient had aggravated pneumonia and visited hospital B without communication between the two hospitals. This form of "doctor shopping" causes inpatients and caregivers to be unexpectedly exposed to high viral loads. The C t values of the index case in hospital B indicated a high viral load status. Additionally, the jet nebulizer used in the admission room of hospital B may have increased virus transmission to surrounding patients, as was observed during the nosocomial outbreak of SARS. 9 Cho et al. 10 showed a difference in incubation period according to the levels of MERS-CoV exposure in a super-spreading event in an ER. Virlogeux et al. reported associations between shorter incubation periods and disease severity in cases of SARS 11 and MERS, 12 respectively. Thus, a higher infecting dose may have led to greater viral replication, a shorter incubation period, more aggressive inflammatory responses, and more severe outcomes. 12 In fact, cases in hospital B had lower mean incubation periods and higher CFRs than those in hospital A. Pre-existing pneumonia was associated with increased CFR in this study. This is consistent with the single-center experience in Saudi Arabia in which concomitant infection was an important risk factor for mortality. 13 Bacterial co-infection is common in any viral pneumonia such as influenza pneumonia, 14 and pneumonia increases pulmonary permeability. 15 We presume that MERS-CoV can infect more readily an injured lung and accelerate progression to systemic infection, which leads to death. For the same reason, smoking history was significantly associated with the CFR of MERS in this study. 16, 17 Male gender was also a significant factor in the present study, possibly due to confounding by smoking and co-morbid conditions: males had a higher frequency of smoking history than females, and 84.6% of male cases (25.0% of female cases) were inpatients.
Symptoms and laboratory findings obtained during admission were predictive of mortality in this study. Specifically, incubation period, dyspnea and sputum, leukocytosis, and elevated BUN and Cr levels were associated with elevated CFR. As discussed above, the shorter incubation period may be associated with higher viral exposures and more aggressive clinical progression. 12, 18 This suggestion is supported by the association between leukocytosis and CFR. An activated host immune response to viral infection may also increase the CFR, similar to the observed neutrophilic response in SARS cases with poor prognoses. 19, 20 Moreover, since aggravated pulmonary infiltration may induce dyspnea and sputum, these symptoms may be predictive of higher CFR. On the other hand, cases with abnormal renal function had no history of chronic kidney disease in our study. Acute renal impairment during the clinical progression of MERS could predict mortality in patients with MERS-CoV, 21 which was also found in SARS patients. 22 The C t values were not associated with CFR in this study, which agrees with the study of Kim et al. 23 where no association was found between viral load and survival in respiratory specimens from 21 MERS-CoV patients. However, Kim et al. 23 showed that blood viral RNA positivity was related to survival in the early phase of infection.
This study has several limitations. First, the number of fatal events (11 fatal cases) was insufficient to provide adequate statistical power in the multiple logistic regression analysis to adjust for age. According to the analysis of the CFR, the ageadjusted odds ratio of smoking or pre-existing pneumonia was not significant. The number of events per independent variable (EPV) usually needs to be at least 10 in a logistic regression model. 24 Moreover, statistical power is generally very low even at 20 EPV. 25 Second, non-fatal cases could have been missed, because serological analyses were not performed to identify such cases. Thus, missing non-fatal cases may have led to lower CFRs than presented. Third, we could not compare the level of environmental contamination with MERS-CoV between the main outbreak wards in the two hospitals because the wards had been cleaned prior to investigation of the outbreak. In summary, the risk factors for mortality of MERS cases in Daejeon were underlying poor pulmonary function such as preexisting pneumonia and smoking history, and exhalation of a large quantity of virus by the index case using a nebulizer in a morecrowded room with inefficient air ventilation in hospital B. Furthermore, the shorter incubation period, leukocytosis, abnormal renal function at diagnosis, and respiratory symptoms such as dyspnea and sputum were predictive of a fatal prognosis. The risk factors and predictors described above may have played an important role in MERS mortality in Daejeon.
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